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b = 8.0369 (2) A 
c = 15.4101 (5) A 
a = 75.320 (2)° 
B = 88.482 (1)° 
y = 78.842 (1)° 
V = 789.93 (4) A 3 

Data collection 

Bruker SMART CCD 
dif fractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 
7mi„ = 0.770, r miiX = 1.000 



Refinement 

R[F 2 > 2a(F 2 )] -- 
wR(F 2 ) = 0.128 
S = 1.05 
2768 reflections 



0.045 



Z = 2 

Mo Ka radiation 
li = 0.35 mm -1 
T = 293 K 

0.24 x 0.20 x 0.12 mm 



15231 measured reflections 
2768 independent reflections 
2453 reflections with / > 2a(l) 
R,„, = 0.024 



200 parameters 

H-atom parameters constrained 
A/tw = 0.51 e A~ 3 
Ap mi „ = -0.27 e A -3 



Received 21 April 2012; accepted 22 April 2012 Table 1 

Hydrogen-bond geometry (A, °). 

Key indicators: single-crystal X-ray study; T = 293 K; mean ct(C-C) = 0.004 A; 

R factor = 0.045; wR factor = 0.128; data-to-parameter ratio = 13.8. D-H - A D-H H- ■ A D- ■ A D-H- ■ A 



In the title compound, C 16 H 17 N0 3 S 2 , the 2//-chromene ring is 
close to being planar [maximum deviation = 0.034 (2) A] and 
the pyrrolidine ring is twisted about the C— C bond opposite 
the N atom. The dihedral angle between the ring-system 
planes is 75.24 (16)° and an intramolecular C— H- ■ S inter- 
action occurs. In the crystal, molecules are linked by C— 
H- ■ O hydrogen bonds and the packing also exhibits tt-tt 
interactions, with a distance of 3.6106 (13) A between the 
centroids of the benzene rings of neighbouring molecules. 



C7-H7B- ■ 05' 


0.96 


2.55 


3.396 (4) 


147 


C7-H7C-04" 


0.96 


2.57 


3.356 (3) 


139 


C13-H13-03"' 


0.93 


2.50 


3.411 (3) 


168 


C17-H17B-S2 


0.97 


2.52 


3.160 (3) 


124 


Symmetry codes: (i) x — 


l,y- (ii) 


x, y — 1, z; (iii) 


—x — 1, —y, 


-z + 1. 



Data collection: SMART (Bruker, 2001); cell refinement: SAINT 
(Bruker, 2001); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997); software used to prepare material for 
publication: SHELXL97. 



Related literature 

For a related structure and background to the properties of 
coumarins, see: Kant et al. (2012). For further synthetic details, 
see: Shastri et al. (2004); Vasilliev et al. (2000). 




Experimental 

Crystal data 

Ci 6 H 17 N0 3 S 2 Triclinic, « 

M, = 335.43 a = 6.7223 (2) A 
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(6-Methoxy-2-oxo-2H-chromen-4-yl)methyl pyrrolidine-1 -carbodithioate 

N. M. Mahabaleshwaraiah, K. Mahesh Kumar, O. Kotresh, Waleed Fadl Ali Al-eryani and H. C. 
Devarajegowda 

Comment 

In continuation of our interest on crystal structures of coumarin derivatives (Kant et al, 2012), we now report the crystal 
structure of the title compound. 

The asymmetric unit of (6-methoxy-2-oxo-2H-chromen-4-yl)methyl pyrrolidine-1 -carbodithioate is shown in Fig. 1. 
The 2H-chromene (04/C8-C16) ring is close to planar, with a maximum deviation of 0.034 (2) A for atom CI 6. The 
dihedral angle between the 2H-chromene (04/C8-C16) ring and pyrrolidine (N6/C18-C22) ring is 75.24 (16)°. 

In the crystal, (Fig. 2), the molecules are connected via weak C7— H7B 05, C7— H7C-04 and C13— H13 03 
interaction hydrogen bonds (Table 1). Furthermore, the crystal structure packing also exhibits k-k interactions, with 
distance of 3.6106 (13)A between the centroids Cg3 (C8-C13) of the benzene rings of neighbouring molecules 

Experimental 

4-bromomethyl coumarin required was synthesized according to an already reported procedure involving Pechmann 
cyclization of phenols with 4-Bromoethyl acetoacetate and sodium pyrrolidine-1 -carbodithioate was synthesized 
according to the procedure reported. A mixture of 6-methoxy-4-bromomethyl coumarin (0.01 mol) and sodium 
pyrrolidine-1 -carbodithioate (0.01 mol) in 30 ml dry alcohol was stirred for 24 hrs at room temperature (the reaction was 
monitored by TLC). The solvent was evaporated and the solid obtained was extracted twice with MDC-H 2 0 mixture. The 
organic layer dried over anhydrous CaCl 2 and on evaporating the organic solvent the title compound can be obtained. The 
compound was recrystallised from an ethanol-chloroform solvent mixture as colourless plates. Yield = 81%, M.P.435 K. 

IR (KBr) 660 cm 1 (C— S), 1251 cm 1 (OS), 1036 cmT(C— O), 842 cmT (C— N),1279 cm 1 (C— O— C), 1708.6 cm 1 
(OO). GCMS: m/e: 335. 1H NMR (400 MHz, DMSO.D6, S, p.p.m.): 1.92 (m,2H, Go), 2.01 ((m,2H, G), 2.49(m,4#, 
C 2 ,C U ), 3.80 (s,3H, C 9 ), 4.86 (s,2H, C 4 ), 6.57 (s,lH, C, 2 ), 7.24(m,l#, C 15 ), 7.36 (t,\H, C 7 ), 7.38 (s,\H, C 16 ). Elemental 
analysis: C, 57.26; H, 5.07; N, 4.15; O, 14.29; S, 19.08. 

Refinement 

All H atoms were positioned at calculated positions C — H = 0.93 A for aromatic H, C — H = 0.97 A for methelene H and 
C — H = 0.96 A for methyl H and refined using a riding model with L r i S0 (H) = 1.5£/ eq (C)for methyl H and C/i S0 (H) = 
1.2C/ eq (C)for other H. 

Computing details 

Data collection: SMART (Bruker, 2001); cell refinement: SAINT (Bruker, 2001); data reduction: SAINT (Bruker, 2001); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 1997); software used to prepare material for publication: 
SHELXL97 (Sheldrick, 2008). 
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Figure 1 

The molecular structure of the title compound. Displacement ellipsoids are drawn at the 50% probability level. 




Figure 2 

The packing of the molecules in the title structure. 
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(6-Methoxy-2-oxo-2H-chromen-4-yl)methyl pyrrolidine-1-carbodithioate 



Crystal data 

C 16 H 17 N0 3 S 2 
M r = 335.43_ 
Triclinic, PI 
Hall symbol: -P 1 
a = 6.7223 (2) A 
b = 8.0369 (2) A 
c= 15.4101 (5) A 
a = 75.320 (2)° 
p = 88.482 (1)° 
7 = 78.842 (1)° 
V= 789.93 (4) A 3 

Data collection 

Broker SMART CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
m and q> scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 

r mm = 0.770, r max = l.ooo 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F* > 2(t(P 2 )] = 0.045 

wR{F 1 ) = 0.128 

5= 1.05 

2768 reflections 

200 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Z=2 

7^(000) = 352 

D x = 1.410 MgnT 3 

Melting point: 435 K 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 2768 reflections 

6= 2.7-25.0° 

H = 0.35 mnT 1 

T=293 K 

Plate, colourless 

0.24 x 0.20 x 0.12 mm 



15231 measured reflections 
2768 independent reflections 
2453 reflections with I > 2a(I) 
R mt = 0.024 

$max 25.0 , $min 2.7 

h = -7^7 
k = -9— >9 
/ = -18— 18 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = 1/[cj 2 (F 0 2 ) + (0.06747 3 ) 2 + 0.3732P] 

where P = (F 0 2 + 2F 2 )/3 
(A/(7) max < 0.001 
Ap max = 0.51 e A" 3 
Ap mm = -0.27 e A" 3 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional ^-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2a(F 2 ) is 
used only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



X y Z £/j s o*/t/ e q 

51 0.19010 (9) 0.10311 (9) 0.13745 (4) 0.0584 (2) 

52 0.60578 (10) 0.18643 (10) 0.08087 (5) 0.0710 (2) 
03 -0.3276 (3) -0.0847 (2) 0.41586 (13) 0.0658 (5) 
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Atomic displacement parameters (A 2 ) 
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Geometric parameters (A, °) 
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1.787(2) 
1.813 (2) 
1.666 (2) 
1.358 (3) 
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C12— C13 
C12— H12 
C13— H13 
C14— C15 
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C15— H15 
C17— H17A 
C17— H17B 
CI 9— C20 
C19— H19A 
C19— H19B 
C20— C21 
C20— H20A 
C20— H20B 
C21— C22 
C21— H21A 
C21— H21B 
C22— H22A 
C22— H22B 



1.361 (3) 

0.9300 

0.9300 

1.341 (3) 

1.502 (3) 

1.446 (4) 

0.9300 

0.9700 

0.9700 

1.507 (4) 

0.9700 

0.9700 

1.474 (5) 

0.9700 

0.9700 

1.505 (5) 

0.9700 

0.9700 

0.9700 

0.9700 



C18— SI— C17 
C8— 03— C7 
CI 6— 04— Cll 
CI 8— N6— C19 
CI 8— N6— C22 
CI 9— N6— C22 
03— C7— H7A 
03— C7— H7B 
H7A— C7— H7B 
03— C7— H7C 
H7A— C7— H7C 
H7B— C7— H7C 
03— C8— C9 



102.70(11) 
118.4 (2) 
121.98 (18) 

126.0 (2) 
123.3 (2) 
110.6(2) 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 

124.1 (2) 



05— CI 6— 04 
05— CI 6— CI 5 
04— CI 6— C15 
C14— C17— SI 
C14— C17— H17A 
SI— CI 7— HI 7 A 
C14— C17— H17B 

51— CI 7— HI 7B 
H17A— CI 7— H17B 
N6— CI 8— S2 
N6— CI 8— SI 

52 — CI 8 — SI 
N6— CI 9— C20 



116.9(2) 
126.6(3) 

116.5 (2) 
110.94(16) 
109.5 
109.5 
109.5 
109.5 
108.0 

124.10(18) 
111.67(17) 
124.21 (15) 

104.6 (2) 
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P, ~> p O P 1 O 

(J j — Co — C13 


1 1 c n 

115.9 (2) 


TvT/C p 1 (\ TT1AA 

No — C19 — H19A 




1 1 A O 

110.8 


p p\ p o p 1 ") 

C9 — C8 — C13 


1 1 A A ZO\ 

119.9 (2) 


p p. p i a T T 1 A A 

C20 — C 1 9 — H 1 9A 




110.8 


p o pp» p i A 

C8 — C9 — CIO 


i 1 ZO\ 

120.1 (2) 


XT/" p 1 p\ T T 1 ATI 

N6 — C19 — H19B 




1 1 A O 

110.8 


C8 — C9 — H9 


1 OA A 

120.0 


piO A /"> 1 A TT1 ATI 

CzO — C 1 9 — H 1 9 b 




1 1 A O 

HO.o 


pi A p (\ TTA 

CIO — C9 — H9 


1 OA A 

lzO.O 


TT1AA p 1 (\ TT 1 ATI 

H19A — C19 — HI 9b 




1 AO A 

108.9 


p 1 1 p 1 a p pi 

Cll — CIO — C9 


1 1 O A /O \ 

118.4 (2) 


p /"» 1 pAA p 1 pi 

C21 — C20 — C19 




105.7 (3) 


pi 1 piA /~< 1 A 

Cll — CIO — C14 


in/ /o\ 

117.6 (2) 


C2 1 — C2U — H20A 




1 1 A £. 

110.6 


p pi p 1 pi p -i ^ 
C9 — CIO — C14 


1 n A A / 1 A\ 

123.99 (19) 


p i p\ p pi T TO A A 

C 1 9 — C20 — H20A 




110.6 


p /i pi i pii 

(J4 — Cll — Clz 


i i / o O / 1 A\ 

116.88 (19) 


C ' "\ i p p. TTOATJ 

Czl — CzO — HzOb 




1 1 A £. 

110.6 


f\ A p 1 1 p 1 pi 

04 — Cll — CIO 


1 O 1 *7 /O \ 

121.7 (2) 


p i pi p ^ pi T TO ATI 

C19 — C20 — H20B 




110.6 


P 1 ^> pi 1 pi A 

C12 — Cll — CIO 


121.4 (2) 


TTOA A /""OA T TO AT* 

H20A — C20 — H20B 




1 AO H 

108.7 


p i p i '■s p i i 

C13 — C12 — Cll 


1 1 A O ZO\ 

119.3 (2) 


p <-\ p\ PO 1 POO 

CzO — Cz 1 — Czz 




105.6 (3) 


pi l pi1 T T 1 

C 1 3 — C 1 z — H 1 Z 


1 OA 1 

lz0.3 


P O A P-) 1 T TO 1 A 

CzO — Cz 1 — Hz 1 A 




1 1 A / 

llO.o 


p 1 1 p | TT1 A 

Cll — C12 — H12 


1 OA -t 

120.3 


/"<00 PH TTO 1 A 

C22 — C2 1 — H2 1 A 




(in/ 

110.6 


p i ^ p i i-t p o 

C12 — CI 3 — C8 


1 O A A ZO\ 

120.9 (2) 


/~1 0 A P'"* 1 TTO 1 T* 

C20 — C2 1 — H2 1 B 




110.6 


p i ^ p i -) jii 'i 

C12 — C13 — H13 


119.6 


p ^ <-> p^* 1 T TO 1 Ti 

C22 — C2 1 — H2 1 B 




110.6 


p o p 1 O T T 1 1 

C8 — C13 — H13 


119.6 


T TO 1 A /~iO 1 T TO 1 T* 

H21A — C21 — H21B 




108.8 


pi ^ c\a no 


1 1 q n n\ 


XTfi P99 P91 






C15— C14— C17 


121.1 (2) 


N6— C22— H22A 




111.0 


CIO— C14— C17 


119.93 (19) 


C21— C22— H22A 




111.0 


C14— C15— C16 


123.0 (2) 


N6— C22— H22B 




111.0 


C14— C15— H15 


118.5 


C21— C22— H22B 




111.0 


C16— C15— H15 


118.5 


H22A— C22— H22B 




109.0 


Hydrogen-bond geometry (A, °) 


D—n-A 


D — H 


U-A 


D-A 


D — H—A 


C7— H75-05' 


0.96 


2.55 


3.396 (4) 


147 


C7— H7C-04" 


0.96 


2.57 


3.356 (3) 


139 


C13— H13-03 m 


0.93 


2.50 


3.411 (3) 


168 


C17— H175- -S2 


0.97 


2.52 


3.160 (3) 


124 



Symmetry codes: (\)x-\,y-\,z\ (ii) x, y-\, z; (iii) -jc-1, -y, -z+1. 
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